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ABSTRACT 

We present a multi-object optical spectroscopy follow-up study of X-ray sources in a field along the Galactic Plane 
(/ — 327.42°, b = 2.26°) which is part of the Chandra Multi-wavelength Plane survey (ChaMPlane). We obtained 
spectra for 46 stars, including 15 likely counterparts to X-ray sources, and sources showing an Ha color excess. This 
has led to the identification of a new cataclysmic variable (CV), CXOPS J154305. 5-522709, also named ChaMPlane 
Bright Source 7 (CBS 7), and we identified 8 X-ray sources in the field as active late- type stars. CBS 7 was previously 
studied in X-rays and showed a hard spectrum and two periods: 1.22 ± 0.08 h and 2.43 ± 0.26 h. We present here clear 
evidence that the source is a CV through the detection of H, Hel and Hell emission lines in its optical spectrum. The 
hard X-ray spectrum and the presence of the Hell A4686 in emission with a large equivalent width suggest a magnetic 
CV. The near-infrared counterpart is significantly variable, and we found a period consistent with the longest X-ray 
period at 2.39 ± 0.05 h but not the shortest X-ray period. If this period is the orbital period, this would place the 
system in the CV period gap. The possible orbital period suggests a dM4±l companion star. The distance is then 
estimated to be '^1 kpc. The system could be a relatively hard and X-ray luminous polar or an intermediate polar, 
possibly nearly-synchronous. 

Subject headings: surveys (ChaMPlane) - novae, cataclysmic variables - X-rays: individual (CXOPS 
J154305. 5-522709) ~ stars: late-type 



1. INTRODUCTION 

Cataclysmic variables (CVs) are semi-detached binary 
stars with orbital periods typically of the order of hours, 
consisting of a white dwarf (WD) primary accreting 
via Roche lobe overfiow from a companion star which 
is usually a late-type, main-sequence star. Subtypes 
of CVs include non-magnetic CVs where an accretion 
disk forms around the primary, and magnetic systems 
(MCVs) where the white dwarf magnetic field is strong 
enough to truncate (intermediate polars — IPs — with 
10^ < B < 10^ G) or disrupt (polars, B > lO'' G) the ac- 
cretion disk. The mass flow is then channeled along the 
magnetic field lines and crea tes a sh ock at the mag netic 
pole of the WD fe.g. lCroppe r 1990; PattersonllT9M) . Po- 
lars are identified through their polarized optical emis- 
sion, due to cyclotron emission processes near the surface 
of the WD. Polars are synchronous, locked systems, but 
the magnetic field in IPs is generally not strong enough 
to tidally lock the WD to the companion star and IPs are 
asynchronous rotators. IPs are thus often characterized 
by two distinct periods in their X-ray lightcurves. The 
first is associated with the binary orbital period (Port), 
and the second, shorter, with the spin period of the WD 
{Pspin ^ Porb)- IPs tend to have larger orbital periods 
than polars, and the latter could be the end-p roducts of 
the evolution of part of the IPs (e.g. iNorton et al. 2008). 

The sample of known field CVs suffers from vari ous se- 
lectio n effects (e.g. Pretorius et al. 2007; Servilla t et al.l 
1201 It) , and is likely biased towards bright and highly vari- 
able systems. Population synthesis models indicate that 
a fainter population showing fewer outburst s may dom- 
inate the population of DNe (up to 70%, iKolbl 119931 : 
iHowell et~ al. 1997). Recent detections in the SDSS of 
faint CVs with short periods confirmed the existence 



of such a dominant population (|Gansicke et al.l l2009t l , 
but its proportion in absolute numbers is not fully con- 
strained. The overall Galactic CV population, and the 
demographics of the various subclasses of CVs, are thus 
not fully understood, and this is especially true in the 
obscured regions of the Galactic Plane. 

In order to obtain an unbiased sample, we conduct the 
Chandra Multi-wavelength Plane Survey (ChaMPlane) 
which allows the identification of serendipitous X-ray 
sources discovered by the Chandra X-ray Obs ervatory 
along the Galactic Plane (jGrindlav et al.H2005l ). Based 
on a multi- wavelength dataset, we aim to identify rare 
Galactic populations of objects such as accreting white 
dwarfs, neutron stars, and black holes in order to study 
the nature, distribution and evolution of accreting com- 
pact objects in the Galaxy. 

ChaMPlane has focused on the dense population of 
thousands of unide ntified X-ray sources detected in the 
Galactic Bulge (e.g. lMuno et al.ll2 009':'Ho ng et al.ll2009al ) 
with deep observations of three low extinction windows 
(Baade's window at latitude b = —3.8°, Stanek's window 
at -2.2° and Limiting Window at -1.4°, South of the 
Galactic Center). This led to the d iscovery of a signif- 
icant population of candidate CVs (van den Berg et al.l 
Hooe, 2009; Hong et al. 2009b; Koenig et al. 2008), sug- 
gesting the presence of a large number of MCVs in 
the Galactic Bulge. We recently i dentified 10 per i- 
odic sources in the Limiting Window ()Hong et al.ll201ll) . 
These sources seem consistent with IPs based on their X- 
ray luminosity and spectra, but they are more likely to be 
polars based on their detected periods (1 to 3 h). These 
puzzling properties could be explained if the sources are 
polars with hard X-ray spectra, or members of a rare sub- 
class of MCVs, nearl y synchronous IPs (P.^m.n/ Pnrh > 
0.3, 6 known sources, IRitter fc Kolhll2003l [201(1 . some 
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Figure 1. Thumbnails images of optical observations (top row) 
and near-infrared observations (bottom row) of CBS 7. The Chan- 
dra X-ray error circle of CBS 7 (0.7" at 95%) is shown on each 
image, and the likely counterpart of the X-ray source is indicated 
by lines. Images are 20" large with North up and East left. 

of which are considered as the missing hnk in the evolu- 
tion of the MCVs from IPs to polars. 

We selected a subset of the brightest unidentified X- 
ray sources in the ChaMPlane database in order to char- 
acterize the Galactic Plane population of X-ra y sources 
(jvan den Berg et al.|[2QTll: iPenner et"all [2008t ). One of 
these sources, CXOPS J154305. 5-522709 or ChaMPlane 
Bright Source 7 (CBS 7) was tentatively classified as a 
CV based on its X-ray properties and Ha color excess. 
CBS 7 was found in the field of the Chandra archived ob- 
servation of the high mass X-ray binary pulsar 4U 1538- 
52 (Obsid 90, / = 327.42°, b = 2.26°) which is part of 
ChaMPlane. 

We report here new multi-object optical spectroscopy 
observations of selected X-ray sources in this field and 
near-infrared (NIR) images centered on CBS 7 in Sec- 
tion [21 We present results for CBS 7 confirming the 
source as a CV in Section 0] and discuss in more detail 
its nature in Section [5] 

2. PRIOR OBSERVATIONS OF CBS 7 

The X-ray source CBS 7 is described by van den 
Berg et al. '(2011). It was observed for 24 ks on 2000 
April 8 at UT 22:45:13 with the ACIS-I instrument 
onboard Chandra (ObsID 90). A total of 65 sources 
were detected wit h the ChaMPlane processing pipeline 
(|Hong et al.l [20051 ) in this field. CBS 7 was found to 
be periodic with two possible periods detected in the 
X-ray dataset: Pi - 4392 ± 290 s (1.22 ± 0.08 h) and 
P2 ~ 8772 ± 957 s (2.43 ± 0.26 h). The 0.3-8 keV un- 
absorbed flux is 5.1 ± 0.2 x 10"^^ erg s~^ cm~^. The 
source was also observed with XMM-Newton on 2003 
Aug 14 (ObsID 0152780201; 81 ks). Th e X-ray spec- 
trum of CBS 7 (2XMM J154305.5-522709. IWatson et al.l 
|2009() is well modeled by an absorbed power law with an 
absorption iVn = 2.4 ± 0.2 x 10^^ cm~^ and a photon 
index F = 1.30 ± 0.06, and possibly the addition of an 
Fe line (96% confidence level). Using a bremsstrahlung 
model, the temperature of the plasma is constrained to 
be >30 keV. The distance derived from the iVn value, 
assuming it comes primarily from material along the line 
of sight, gives a distance estimate of 1.4 ± 0.1 kpc and a 
luminosity of ^ 10'^^ erg s~^ (van den Berg et al. 2011). 

The ChaMPlane X-ray Optical Plane Survey (CX- 
OPS) now covers 74 Chandra fields and in particular the 
field containing 4U 1538-52 (field 16 of ,Zhao et al.„2005l) 



Table 1 

Log of optical observations of CBS 7. 



Date (UT) 


Filter 


Exp. Time 


Airmass 


2001-05-18T04:16:43 


V 


180s 


1.08 


2001-05-18T01:42:41 


R 


240s 


1.29 


2001-05- 18T04;26:52 


I 


180s 


1.08 


2001-05-18T02:23:20 


Ho 


1500s 


1.20 



where CBS 7 was found. This field was observed on 
2001 May 18 with the CTIO Blanco 4m Telescope and 
the Mosaic instrument using the V, R, Ha and / bands 
(see Table [Ij . The source in the Chandra error circle 
of CBS 7 shows an excess in the Ha narrow band filter 
(Ha-i? = -0.5 ± 0.2) at R.A. = 15''43'"05.51^ and Dec 
= -52°27'09.6". This counterpart is shown in Figure [T] 
(top row) for each band. 

We found 48 possible optical identifications after cross- 
matching the X-ray and optical source lists to find coun- 
terparts candidates within the 95% error circle taking 
into account the errors on the optical/X-ray boresight. 
We repeated 24 times this process after applying shifts 
of 5" between the 2 source lists following a squared grid 
pattern. This showed that 27.5 ± 2.1 chance alignments 
are expected for the 65 X-ray sources, so that ^20 of the 
48 optical counterpart candidates may be real. 

3. DATA REDUCTION 
3.1. Multi-object optical spectroscopy 

We observed the ChaMPlane field containing CBS 7 in 
multi-object slit spectroscopy mode with the Inamori- 

Magellan Are al Camera & Spectrograph (IMACS, 

[Dressier et al.l [201 1[ ) at the Baade Magellan Telescope 
on 2010 Aug 30 with the f/4 camera and a 300 lines/mm 
grating (3650-9740 A, 0.743 A/pixel). We obtained 3 
observations of 30 min (hereafter spl, sp2 and sp3) for 
46 targets. We also obtained arc-lamp exposures after 
each spectrum acquisition and bias, dark and fiat fields 
at the beginning of the night. 

The selection of targets was based on their X-ray or 
optical properties. Prime candidates are counterparts of 
X-ray sources with an Ha excess (4 targets, including 
CBS 7), counterparts to any of the X-ray sources (11 
targets), and stars with an Ha excess but no X-ray emis- 
sion (31 targets). We define here an Ha excess as a Ha-i? 
color less than -0.2 in magnitude. T his selecti o n is s imi- 
lar to the selection performed bv ,Koenig et al.l ([20081 ) for 
5 fields in the Galactic Bulge. 

We processed the data with the COSMOS v2.16 soft- 
warc[3 and obtained roughly calibrated 2D spect ra for 
each target. We then used the IRAF v2.14 ([Todvl 
[1993| ) onedspec and twodspec packages (apall function) 
to refine the wavelength calibration (giving a root mean 
square error of 0.2 A) and to perform the optimal ex- 
traction of spectra for each target. The full width half 
maximum (FWHM) of the arc-lamp emission lines and 
the sky lines is 5 A. The fiux calibration was performed 
using the observations of the standard stars EG21 and 
LTT 7987 obtained the same night. 

3.2. Near-infrared photometry 
^ http:/ /obs. carnegiescience.edu/Code/cosmos 
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Table 2 

PANIC observation sequences and magnitudes for CBS 7. 



Date (UT) 


Filter 


Sequence 


Airmass 


Mag 


2010-06-30T23:09:30 


J 


5x4x30s 


1.26 


19.01±0.18 


2010-06-30T23:25:55 


H 


5x6x20s 


1.23 


18.02±0.15 


2010-06-30T22:58:37 
2010-07-01X06:20:22 


Ks 


5x6xl0s 


1.20-1.70 


16.77-17.94 



Note. — A total of 7 /Cs-band sequences were completed, hence 
we indicate the range of dates, airmass and magnitudes for these 
observations. Errors on the ii's-band magnitudes are ±0.12, as can 
be seen on the light-curve in Figure [2] 

We obtained NIR images centered on CBS 7 with the 
Perssons Auxiliary Nasmyth Infrared Camera (PANIC, 
IMartini et al.|[2004 ) on the Baade Magellan Telescope at 
Las Campanas, Chile. The observations were performed 
on 2010 June 30 and cover 8h. We used a 5-point dither- 
ing pattern in order to estimate and subtract the contri- 
bution from the sky in the images. 

We processed the images with IRAF and developed 
pyRAlfl vl.9 proced ures based on the PANIC package 
(|MartinI et al.ll2004D . The images were bias subtracted 
and flat-fielded. We then estimated the contribution of 
the sky using a two step procedure: (1) by computing the 
median of all dithered position images, (2) by masking 
any star remaining in the sky image, re-computing the 
median image and interpolating over the masked region. 
This method is particularly efficient for crowded fields 
where the median alone cannot remove all the emission 
from stars in the field. We then shifted all the images 
to align them on the first dithered position and stacked 
them. 

We added an astrometr y solution to the image us- 
ing SCAMP (jBertinl [20061) . We first used the approx- 
imate coordinates written in the file header during the 
acquisition and used a first degree polynomial to fit the 
detected stars to the 2MASS catalog of point sources 
(|Skrutskie et al.|[2Q06D . This leads to a positional preci- 
sion of 0'.'2 at la. 

We performed the photometry extraction fo r each im- 
age with Sextractor (jBertin &: Arnoutill996D . We used 
the 2MASS catalog as a reference (Vega magnitudes) to 
estimate the zero point for each filter and each image. 
This leads to a median error on the magnitudes of 0.15. 

4. RESULTS 
4.1. Near-infrared counterpart to CBS 7 

We looked for variability in the i^s-band using the 7 
different images obtained. The observations were de- 
signed to cover 3 times the longest X-ray period of CBS 7 
with a close sampling over half a period in order to look 
for variability in this band. We found that the NIR 
counterpart aligned with the optical counterpart showed 
significant variability in the if^-band. Figure [5] shows 
the target lightcurve compared with 2 nearby compari- 
son stars with similar magnitude. 

We fitted the lightcurve with a sinusoid of fixed pe- 
riod Pi or a combination of Pi and P2 which mimics the 
X-ray lightcurve (Figure [5]). These periods can be ruled 
out in the i^Ts-band as they cannot explain the second Kg 

^ http:/ /www. stsci.edu/resources/software_hardware/pyraf/ 
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Figure 2. Light-curves of CBS 7. Upper panel: X-ray lightcurve 
from Chandra, phase averaged (using the period P2 = 2.39 h) and 
repeated over several periods to cover a similar range as the Ks- 
band observations. Lower panels: X^-band lightcurve obtained 
with PANIC. Comparison with two reference stars (top). Fit with 
Pi ~ 1.2 h or a combination of Pi and P2 ~ 2.4 h (middle). Fit 
with P2 (bottom). We note that other periods are consistent with 
the data (see text). Vertical dashed lines indicate the mid exposure 
time of J and H band observations. Two Kg observations (Kl and 
K2) are used in color determination (see Figure [Sjl. 
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Figure 3. Color-color diagram using NIR bands J, H and Ks- 
The main sequence with no extin ction is indicated as a thick green 
line (from iBessell Ik BretHll988l1 . A vector indicates the effect of 
extinction for a dMO star and Ay=0, 2, 5 mag, correspo nding 
to distances d = 0, 1.9, 4.5 kpc (using Drimmel et al.l 12003 for 
conversions) . The median error of the colors is shown at the bottom 
right of the plot. Two points are reported for CBS 7 in each case 
(direct value and extinction corrected values), using respectively 
the Kl and K2 measurements in the Kg-hand (see Figure[2]|. 
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measurement (K2 in Figure [2]). However, we obtained a 
convincing fit with the period P2 only. We then let the 
period be free in the fit and constrained the period to 
P2 = 2.39 ± 0.05 h ix^ = 1.4 for 3 degrees of freedom) 
with a mean Vega Kg mag of 17.34 ± 0.14 and an ampli- 
tude of 0.58 ± 0.12 mag (Figure [2]). We further investi- 
gated the periods allowed by the K-band lightcurve, and 
found that sinusoids with periods of 1.79±0.03, 3.6±0.1 
and 7.2±0.2 h can also fit the ifg-band lightcurve (x^ of 
4.4, 1.4 and 1.6, respectively, for 3 degrees of freedom). 
Shorter periods seem unlikely, mainly because they can- 
not reproduce the K2 measurement (x^ > 10). It is also 
possible that the variations observed are not periodic, 
but due to flares. 

We show in Figure [3] the color-color diagram of the 
stars in the field of view using the JHKg bands. We 
plotted the main sequence with no extinction and a 
yector indicating t he eff ect of extinctio n using R— 3.1 
([Savage fc MathisI 119790 . Using the iDrimmel et"all 
( 2003() model of distribution of the dust in the Galaxy 
for the position of CBS 7, the extinction values Ay — 0, 
2, 5 mag convert to distances d = 0, 1.9, 4.5 kpc, 
and the maximum extinction along the line of sight is 
Av = 7.0. For CBS 7, the X-ray absorption TVh = 
2.4 ±0.2 X 10^1 cm-2 converts (jPredehl fc Schmittl[l995l) 
to an extinction along the line of sight of Ay = 1.3 ±0.2, 
which we use to correct the colors in Figure |3l 

Due to the variability of the target, there is a possi- 
ble additional error on the color estimation. We thus 
computed 2 colors using the Kl and K2 measurements 
(as labelled in Figure [5]) . The real value should lie be- 
tween these two points. We note that the J — H color 
could also be uncertain by ~ 0.2 mag due to the small 
separation in time of the observations. CBS 7 appears 
to be redder than the bulk of sources in the same field. 
After de-reddening, it could correspond to a M3 main se- 
quence star or possibly less massive main sequence star. 
The J, H, Kl and K2 magnitudes were not obtained 
during the faintest phase, when the contribution from 
the companion to the combined emission is expected to 
be the largest. There are thus uncertainties in the esti- 
mation of colors for the secondary star that are difficult 
to assess with the data at hand (variability of the source, 
likely contribution of the accretion disk component, and 
reddening along the line of sight). 

4.2. Optical spectra of CBS 7 

The spectra of CBS 7 are shown in FigureU) The spec- 
tra show H, Hel and Hell A4686 broad emission lines as 
well as evidence for flux variability between the 3 obser- 
vations. The spectrum spl also appears slightly redder 
than sp3 in Figure ID We show close-ups of the H/3 and 
Ha regions of the spectra after scaling the continuum to 
1 in Figure [5l In sp3, we note the presence of emission at 
the wavelength of the Bowen blend (CIII/NIII A4640). 

For each spectrum and each major emission line, we re- 
port in Table [3]the results of line fitting with a lorentzian 
using IRAF splot and the deblend command. The val- 
ues are consistent from one line to another, except the 
Ha measurement for sp2 which present a clear asymme- 
try in Figure [S] and is therefore less reliable. The Hell 
A4868 and Ha lines appear to broaden in sp3. Hel lines 
measurement are affected by low signal to noise. 



Table 3 

Emission line parameters for CBS 7. 



Line 


Obs 


'^oba 


EW 


FWHM 


Flux 


^radial 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Ha 


spl 








00. J- 


-00. u 




sp2 


6563.3 


-83.2 


24.9 


58.7 


22.9 




sp3 


6564.5 


-128.6 


35.4 


68.2 


78.3 


tip 


spl 




-oy .0 


91 f{ 




-Oi -O 




sp2 


4864.2 


-62.1 


21.0 


42.2 


174.8 




sp3 


4862.3 


-90.0 


23.3 


49.8 


58.0 


H7 


spl 


4340.0 


-58.0 


25.6 


42.1 


-33.2 




sp2 


4344.7 


-52.9 


25.8 


23.8 


288.7 




sp3 


4342.1 


-61.7 


22.2 


22.2 


109.7 


Hell A4686 


spl 


4686.2 


-22.3 


14.5 


23.1 


33.9 




sp2 


4690.0 


-27.6 


15.7 


18.1 


273.2 




sp3 


4684.7 


-49.0 


22.6 


25.9 


-63.1 


Hel A6678 


spl 


6676.5 


-9.9 


14.5 


13.5 


-65.3 




sp2 


6678.5 


-10.2 


16.1 


7.1 


20.8 




sp3 


6677.9 


-12.2 


18.8 


6.4 


-6.1 



Note. — Columns: (1) Name of the emission line; (2) La- 
bel of spectrum observed; (3) Wavelength of the line in A; (4) 
Equivalent width in A; (5) Full width half maximum in A; (6) 
Flux of the line in 10"^'^ erg cm~^ A~^; (7) Radial velocity 
in km s~^. 



Given the uncertainties on the X-ray periods, the phase 
of our observations is indeterminate. If we assume that 
the optical flux and the NIR flux vary in phase at the pe- 
riod P2 , we can fit the median optical fiux of the spectra 
to the phased lightcurve obtained in the NIR in order to 
determine the possible phase of the IMACS observations. 
The result is reported as shaded regions in Figure|B]where 
the width and the relative time of each region correspond 
to the exposure time and the start time of each spectrum 
acquisition. The variation in flux of the spectra is con- 
sistent with the fiux variation in the if^-band, and the 
error on the phase is then ±0.05. However, it is possible 
that both flux variations arise from different processes as 
observations were performed in different bands, and at 
different epochs. 

We cross-correlated the 3 spectra with the first spec- 
trum as a reference using the task fxcor in IRAF. We ob- 
tained radial velocity measurements relative to the first 
spectrum which are reported in Figure [51 Though those 
measurements look consistent with the P2 period, having 
only three points is limiting in the determination of an 
orbital period. If the phase of the spectroscopic observa- 
tion is correct, there seems to be a phase shift of ~0.25 
between the fiux curve and the radial velocity curve. 

4.3. Spectroscopic identifications 

We fitted all 46 spectra with alKuruczl (I1993D st ellar 
atmosphere model and the iSavage fc MathisI (|l979f) ex- 
tinction curve using specvie'wQ. The surface gravity and 
metallicity of the star could not be constrained and were 
fixed to 4.5 (main sequence star) and the solar metallic- 
ity, respectively. 

We first found that our selection of sources with an 
Ha excess and no X-ray source detected (31 targets) are 
identified as late type stars (28 M stars, 3 K stars) with 
no presence of an Ha emission line in their spectrum, 
except for one M star (J2000 RA=15:42:04.74 Dec=- 

^ http:/ /www. stsci.edu/resources/software_hardware/specview/ 
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Figure 4. Spectra of CBS 7 obtained with IMACS. The spectra are not de-reddened. Labels for each spectrum are indicated on the right 
vertical axis. Dashed lines indicate the position of H, Hel and Hell lines identified in the spectra. 

52:27:27.9, witli Ha EW=-5.0 A, temperature 3700 K, 

Av = l-1)- We fist in Tabie H] tlie 15 targets tliat are 
aligned with an X-ray source and give X-ray and optical 
properties. We note that except for source 1 (CBS 7), 
the recorded net counts are low, and sometimes not suf- 
ficient for reliable flux estimates. In Table [SJ we report 
the results of the qua ntile analysis for the X-ray sources 
(flux and absorption, iHong et al.ll2004|) and the spectral 
fitting of the optical spectrum (surface temperature and 
extinction) f or the 15 targets wi th an X-ray counterpart 
(similarly to iKoenig et al.ll2008[ ). In this table, the ex- 
tinction Ay derived from the X-ray absorption estimate 
(with large errors due to the low number of counts) is 
consistent with the extinction Ay derived from the op- 
tical spectrum. Sources 4, 5 and 8 have only 3-4 net 
counts, and therefore we could not derive an estimate of 
the absorption for those sources. Assuming a power law 
spectrum with a mean photon index 1.7, and the absorp- 
tion derived from the extinction of their spectrum (Ay 
in Table [5]), those sources have an unabsorbed 0.5-8 keV 
flux of '^2 X 10~^^ erg s~^ cm~^, and their \og{Fx/Fv)u 
is lower than -2. For CBS 7, the values come from the 
X-ray spectral fitting (see van den Berg et al 2011) and 
are thus more reliable than for the other sources. 

CBS 7 stands out with significant emission lines in its 
spectrum and a high X-ray to op tical flux ratio as ex- 
pected for accreting binaries (e.g. iVerbunt et al.i ri9971. 
All other targets are late type stars and show an X- 
ray to optical flux ratio between logarithmic values —2 
and —5, consistent with stellar coronal emission (e.g. 
iSchmitt et al.|[l995| ). We then note that all targets with 
an Ha excess (sources 3, 6, 8, 11, 12 and 13, with negative 
Ea-R) and sources 10 and 15 (with Ha-i? = O.liO.l), 
show narrow Balmer emission lines (Me and Ke stars) 
indicating that they are chromospherically active stars 
with high coronal temperature. These stars are proba- 
bly the optical counterparts of their X-ray source. Other 
targets may be chance alignments with an X-ray source. 
Also, sources 5, 7 and 9 have Ay or median energy (E50) 
values consistent with large absorption which may nor- 
mally prevent the detection of their optical counterparts. 

5. DISCUSSION 

Using multi-wavelength observations, we identify 8 
X-ray sources as late-type stars with emission lines. 
This is consistent with the correlation observed for 




6600 6650 

Wavelength [A] 

Figure 5. Close-up on emission lines for CBS 7. The spectra 
continuum were normalized to 1 and an arbitrary offset of 1 has 
been applied between each spectrum for clarity. 




Phase 

Figure 6. Phased lightcurve of CBS 7. Two cycles of the P2 
period are shown. The IMACS observations are indicated by gray 
shaded area in the first cycle (representing the exposure time). The 
right axis indicates the radial velocity scale for the measurements 
plotted in the second cycle. Radial velocities are relative to spl. 
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Table 4 

Targets aligned with an X-ray source selected for optical spectroscopy. 



ID 


CXOPS J 


Net Cts 




E50 




Err95% 


Dist 




R.A. 






Dec 






V 






R 






Ha 






I 


1 


154305.5-522709 


667.2±26.9 


2, 


,2±0. 


,1 


0, 


.53" 


0.34" 


15 


:43: 


:05, 


,51 


-52 


:27: 


:09, 


,6 


21 


.5±0. 


1 


20, 


,9±0. 


2 


20 


,3±0. 


1 


20 


,3±0.1 


2 


154302.5-522036 


15.0±5.2 


3, 


,o±o. 


,5 


2, 


.22" 


2.81" 


15 


:43: 


:02, 


,33 


-52 


:20: 


:39, 


,3 














22 


,7it0. 


3 






3 


154258.0-522517 


15.6it5.3 


1, 


.1±0. 


,2 


1 


.42" 


0.52" 


15 


:42: 


:58, 


,02 


-52 


:25: 


:18, 


,0 


19 


.0±0. 


1 


17. 


,4±0. 


1 


17, 


,1±0. 


1 


15 


,8±0.1 


4 


154254.5-522558 


3.8±3.6 


1, 


.5±0, 


,5 


3, 


.13" 


2.59" 


15: 


:42: 


:54, 


,41 


-52: 


:25: 


:56, 


,6 


23 


.8±0. 


,3 








22, 


,3±0. 


2 


20, 


,9±0.2 


5 


154253.8-522017 


3.2±3.4 


6, 


.1±1, 


,2 


2, 


.81" 


2.28" 


15: 


:42: 


:53, 


,69 


-52: 


:20: 


:15, 


,9 


23 


.5±0. 


,2 


21, 


,5±0, 


,2 


22, 


,0±0. 


2 


20, 


,3±0.1 


6 


154250.4-522152 


36.3±7.1 


1, 


.3±0, 


,1 


0, 


.57" 


0.41" 


15: 


:42: 


:50, 


,35 


-52: 


:21: 


:52, 


,9 


18 


.6±0. 


1 


17, 


,2±0, 


,1 


16, 


,9±0. 


1 


15, 


,9±0.1 


7 


154240.4-522158 


8.1±4.3 


2, 


.2±0, 


,7 


0, 


.66" 


0.16" 


15: 


:42: 


:40, 


,33 


-52: 


:21: 


:59, 


,2 


20 


.0±0. 


1 


17. 


,8±0. 


,1 


17, 


,9±0. 


1 


16, 


,3±0.1 


8 


154236.3-522416 


4.2±3.4 


1, 


.1±0. 


4 


1, 


.35" 


0.89" 


15: 


:42: 


:36, 


,31 


-52: 


:24: 


:16, 


,5 


21 


.2±0. 


1 


19, 


,6±0, 


,1 


19, 


,4±0. 


1 


18, 


,2±0.1 


9 


154207.6-522500 


20.3±5.8 


1, 


.9±0. 


,2 


0, 


.66" 


0.47" 


15: 


:42: 


;07, 


,60 


-52: 


:25: 


:01, 


,8 


19 


.4±0. 


1 


17, 


,5±0, 


,1 


17, 


,5±0. 


1 


16, 


,5±0.2 


10 


154202.5-522701 


10.3±4.6 


1, 


.5±0, 


4 


1, 


.94" 


0.09" 


15: 


:42: 


:02, 


,43 


-52: 


:27: 


:02, 


,6 


21 


.8±0. 


1 


19, 


,5±0, 


,1 


19, 


,7±0. 


1 


17, 


,9±0.1 


11 


154201.6-521943 


12.8±4.9 


1, 


■ OitO, 


,1 


1, 


.17" 


0.96" 


15: 


:42: 


:01, 


,61 


-52: 


:19: 


:44, 


,1 


18 


.8±0. 


1 


17, 


,5±0, 


,1 


17, 


,2±0. 


1 


16, 


,2±0.1 


12 


154157.4-522318 


20.3±5.8 


1, 


.3±0, 


,1 


0, 


.75" 


0.28" 


15: 


:41: 


:57, 


,32 


-52: 


:23: 


:19, 


,3 


19 


.0±0. 


1 


17, 


,9±0, 


,1 


17, 


,8±0. 


1 


17, 


.OitO.l 


13 


154153.1-522106 


8.2±4.3 


1, 


.2±0. 


,3 


1, 


.73" 


0.96" 


15: 


:41: 


:53, 


,10 


-52: 


:21: 


:08, 


,0 


21 


.4±0, 


1 


20, 


,1±0, 


,1 


19, 


,9±0. 


1 


18, 


,7±0.1 


14 


154151.1-522658 


8.0±4.3 


1, 


.9±0. 


,6 


2, 


.73" 


0.79" 


15: 


:41: 


:51, 


,16 


-52: 


:26: 


:59, 


,5 


22 


.2±0. 


1 


20, 


,0±0, 


,1 


20, 


,0±0. 


1 


18, 


,5±0.1 


15 


154150.2-522505 


13.3±5.0 


2, 


.6±0. 


,6 


1, 


.90" 


0.80" 


15: 


:41: 


:50, 


,18 


-52: 


:25: 


:05, 


,9 


21 


.2±0. 


1 


19, 


,2±0, 


,1 


19, 


,3±0. 


1 


17, 


,7±0.1 



Note. — The net count error was derived using Gehrels statistics jHong et al.|f2005l) . As the expected background is low, even the sources 3—4 
counts are significantly detected, however the count estimate and derived flux cannot be constrained. E50 is the median energy in keV of the X-ray 
photons in the 0.5—8 kcV range; coordinates R.A. (h-.m-.s) and Dec (°: : ') are for the optical counterpart. 



Table 5 

Properties of targets aligned with an X-ray source from X-ray and optical data. 



ID 


Fx,u 


TVh 




Av 


Temp 


\og{Fx/Fv)u 


H« - i? 


Type 


Notes 


1 


51.0 ± 2.0 


0.24 ± 0.02 


1.3 ± 0.2 






1.4 ±0.2 


-0.5 ± 0.2 


CV 


CBS 7, emission lines (see Table [S} 


2 


1.5 ± 0.5 


0.52 ± 0.66 


2.9 ± 3.7 












no detection in spectroscopic data 


3 


1.2 ± 0.4 


0.29 ± 0.15 


1.6 ± 0.8 


0.9 


3300 


-4.5 ±0.4 


-0.3 ± 0.1 


M5e 


Ha EW=-8.3 A 


4 








1.9 


5000 






K2 




5 








1.5 


4800 




0.5 ± 0.3 


K4 


spectrum truncated above 6500 A 


6 


1.3 ± 0.3 


0.03 ± 0.06 


0.2 ± 0.3 


0.6 


3500 


-4.5 ±0.3 


-0.3 ± 0.1 


M3e 


Ha EW=-5.4 A 


7 


0.8 ± 0.4 


0.98 ± 0.94 


5.4 ± 5.2 


2.6 


4500 


-5.5 ±0.6 


0.1 ± 0.1 


K5 




8 








1.9 


4100 




-0.2 ± 0.1 


MOe 


Ha EW=-2.0 A 


9 


14.5 ± 4.1 


2.2 ± 1.0 


12.3 ± 5.5 


1.6 


4700 


-2.3 ±0.4 


0.0 ± 0.1 


K4 




10 


0.5 ± 0.2 


0.09 ± 0.16 


0.5 ± 0.9 


2.0 


4500 


-3.8 ±0.5 


0.1 ± 0.1 


K5e 


Ha EW=-1.2 A 


11 


7.8 ± 2.9 


0.78 ± 0.30 


4.3 ± 1.7 


1.2 


3500 


-3.0 ±0.4 


-0.3 ± 0.1 


M3e 


H/3 EW=-0.8 A/ truncated 6000 A 


12 


1.1 ± 0.3 


0.22 ± 0.55 


1.2 ± 3.1 


0.6 


4600 


-4.3 ±0.4 


-0.1 ± 0.1 


K4e 


Ha EW=-0.8 A 


13 


0.3 ± 0.2 


0.01 ± 0.08 


0.1 ± 0.5 


0.5 


3900 


-3.2 ±0.6 


-0.2 ± 0.1 


Mle 


Ha EW=-2.9 A 


14 


0.6 ± 0.3 


0.35 ± 0.61 


1.9 ± 3.4 


1.8 


4300 


-3.1 ±0.6 


0.1 ± 0.1 


K6 




15 


2.2 ± 0.8 


1.75 ± 1.36 


9.8 ± 7.6 


1.9 


4500 


-2.8 ±0.4 


0.1 ± 0.1 


K5e 


Ha EW=-1.5 A 



Note. — Fx,u is the unabsorbed 0.5—8 keV flux in 10 erg s ^ cm — sources 4, 5 and 8 have only 3-4 counts and thus no reliable flux 
estimates; Nu is the absorption in 10^^ cm~^; Ay is the extinction derived from the absorption with — X 10^^ jPredehl &: SchmittI 

1 19951) ; Av and the star temperature in K (Temp) are obtained from the optical spectrum fit using Kurucz stellar models, with typical errors of 
±0.2 and ±200, respectively; log{Fx / Fy)u is the X-ray to optical V-band unabsorbed flux ratio, and Type gives the idcntiflcd spectral type based 
on the temperature or features in the spectrum (equivalent width, EW, arc given for emission lines). Ha — R values in bold indicate the selection 
of 4 targets with Ha excess from photometry. 



late-type stars between stro ng chromosphere activity 
(jStaufFer fc HartmannI 119861 ) which produces Balmer 
narrow emission line s, and the presence of a hot corona 
which emits X-ray s ([Fleming et al.l [19951: iSchmitt et alj 
[19951 IGiidell[2QQl . Another 4 sources without emission 
lines could be chance alignments, and one last is a proba- 
ble AGN. Th ose results are consistent with the results of 
iKoenig et al.l (|2008), where most of the identified X-ray 
sources appear to be single stars. Based on optical spec- 
tra and NIR variability and colors, we can further discuss 
the nature of a candidate CV, CBS 7, that showed a hard 
X-ray spectrum, a periodic lightcurve, and a Ha excess 
of its optical counterpart (van den Berg et al. 2011). 

We clearly show here that CBS 7 is a CV through the 
detection of H, Hel and Hell emission lines which are 
consistent with the presence of accretion as observed for 
many CVs (e.g. lWilhamsl[T98l . The Bowen blend emis- 
sion lines have been noticed in accreting binary systems 



and could be related to the irradiated companion star 
(e.g. 'Steeghs fc Casaresl[200l ). The Hell A4686 line in 
emission indicates that there is a cloud of material ex- 
posed to a strong enough ionizing continuum shortward 
of the Hell A228A edge. Such an emission could come 
from a region close to the magnetic pole of a WD, in- 
dicating a MCV. Following the empirical test of iSilbeil 
(19921 — given that the EW of H/3 is higher than 20 
A and FhcII /Fhp is greater than 0.4 — CBS 7 could 
indeed be an IP. The optical spectrum is also consis- 
tent w ith the spectra of known polars (e.g lSchwarz et all 
I2002f) . Ahernatively, a HeH A4686 line m emission is 
common in SW Sex nova-like CVs and post-nova CV s 
(jThorstensen et al.l[T99ll : iRodn'guez-Gil fc Torresl[2o55l ) . 

However, the hard XMM-Newton X-ray spectrum of 
CBS 7 with a temperature >30 keV is not consistent 
with the system being a nova-like, and more resembles 
the X-ray emission of MCVs. Indeed, non-magnetic CVs 
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generally have softer X-ray emission (temperature of a 
few keV. lBaskin"iF^[2005l) while MCVs can be harder 
(tens of keV. IHeinke et alj [20081 ). The luminosity of 
CBS 7 corresponds to the highest luminosity of non- 
magnetic CVs, and matches well the expected luminos- 
ity of MCVs CVerbunt et al... 19978 ). We note that there 
could be internal absorption in CVs which can cause our 
distance and luminosity estimates to be overestimated. 

The X-ray and near-infrared variability indicate that 
the period 2.39 ± 0.05 h could be a fundamental pe- 
riod of the system. The three radial velocity measure- 
ments are compatible with such a period, though they 
are not very constraining, given that we assumed that 
NIR and optical emissions were varying in phase. Also, 
the non-simultaneous observations could have caught the 
source in a different state. Nevertheless, it is possible 
that P2 is the orbital period of the system. The system 
wou ld then fall in the C V period gap, between 2 and 
3 h (jSpruit fc Rittedll983[ ). We note that the period gap 
is less significant for MCVs, which would bring further 
support to the idea that CBS 7 is a MCV. 

From the possible orbital period of CBS 7, the expected 
type of the companion is around dM4±l follo wing the 
standa rd evolution model described e.g. bv lKnigge et al.l 
(|201lD . Based on the JHKs colors (Figure O, the na- 
ture of the companion star is less constrained as they 
are compatible with a ~dM3 star or less massive star 
(seeE oard "etall[20nl for comparisons with other CVs). 
The predicted absolute magnitudes of donor stars in the 
NIR can be used to set a lower limit (as the accretion 
disk also contri butes to the emissio n) on the distance of 
the system (^e.g. lKnigge et al.ll201lD . Using Mk^=8 for a 
dM5 star and Ks=18 (lower value observed), we obtain 
c? > 1.0 kpc. If the companion star is a less massive star, 
then this limit can be lower, leading us to give a rough 
estimate of the distance of ^1.0 kpc, which is consistent 
with the estimate of the distance reported by van den 
Berg (2011) of -1.4 kpc. 

IPs are generally identified through the presence of two 
periods in their X-ray lightcurve. The fact that two peri- 
ods are detected for CBS 7 could therefore suggest an IP 
nature. The ratio Pspin/Porb would then be ~0.5 . Such 
a ratio is high for an IP (see e.g. iNorton et al.l |2008() 
and could indicate a near-synchronous IP, a rare class of 
MCVs. Compared to I P and polar populat ions (e.g. from 
IHeinke et al.ll2008l and lNorton et al.l l2008f). CBS 7 has a 
similar X-ray luminosity to the brightest polars and the 
faintest IPs, and an orbital period compatible with both 
populations. CBS 7 could therefore possibly be a transi- 
tion object between IPs and polars, and a new member 
of the rare population of near-synchronous IPs (6 objects 
known). Ac cording to the evolutionary model of MCVs 
([Norton et al.l l200g ). IPs start with Hp»«/-Por-b < 0.1 
and as the systems evolve through magnetic lock, the 
orbital periods decrease and the spin periods increase, 
i.e. Pspin/Porb approaches 1. Therefore, the orbital peri- 
ods of near-synchronous IPs are clustered around or be- 
low the period gap near the end of the evolution, where 
CBS 7 is located. This population may be more numer- 
ous on a Galactic scale than previously recognized, as we 
recently identified 10 perio dic MCVs close to the Galactic 
Center ()Hong et al.ll20lil) with similar properties (hard 
X-ray spectrum, periods at or below the period gap). 

Alternatively, a ratio of 0.5 for the two periods could be 



explained if one period is the harmonic of the other. As 
no other period appeared to be significant down to 20 s 
(van den Berg et al. 2011), CBS 7 does not seem to be 
an asynchronous IP with a period ratio <0.1. However, 
it could be a polar with locked spin and orbital periods. 
Secondary X-ray dips have been observed in some po- 
lars and could come from the occultation of the emitting 
pole either by the WD itself or by the accretion column 
(|Masoniri985() . If the system is accreting from 2 poles, 
then we might see alternatively one of these poles while 
the other is smoothly occulted. Th e phased lightcurve o f 
polars can be variable over time (jOsborne "etaII[T987[ ). 
and in some cases is similar to the observed lightcurve of 
CBS 7. A search for polarized optical emission, as well 
as a better sampling of the phased lightcurve in X-rays 
to determine other periods, could confirm this object as 
either an IP, a near-synchronous IP or a polar. 

6. CONCLUSIONS 

We presented multi- wavelength follow-up observations 
of an archived Chandra observation from the ChaMPlane 
survey. Among the X-ray sources, one is identified as 
a CV (CBS 7), 8 as active late- type stars, 5 may be 
chance alignments. The stars with an Ha excess from 
photometry not corresponding to Chandra sources are 
all identified as late type stars. 

The source CBS 7, selected from its X-ray emission and 
an Ha excess is clearly identified as a CV through opti- 
cal spectroscopy. It is possibly an IP, a near-synchronous 
IP or a polar. Both properties (X-ray emission and Ha 
excess) thus appear to be essential in the selection of ac- 
creting compact binary candidates, but are not sufficient 
to clearly identify them (one CV among 4 candidates in 
this work). The detection of variabi lity as a third prop - 
erty seems more conclusive (see also lHong et al.ll2009b( ). 
The use of those criteria in the ChaMPlane survey thus 
led to a majority of targets identified as foreground, late- 
type, active stars. However, and more importantly, we 
identify a few rare accreting compact binaries at inter- 
mediate distance in the Galactic Plane such as CBS 7 
(d > 1.0 kpc), which are crucial in order to better under- 
stand the Galactic accreting compact binary population. 
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from NASA/ Chandra grants AR9-0013X, GO9-0102X 
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Specview are products of the Space Telescope Science 
Institute, which is operated by AURA for NASA. 
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